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TECHNICAL NOTE 3068

COMPARISON OF MODEL AND FULL-SCALE SPIN RECOVERIES
OBTAINED BY USE OF ROCKETS

By Sanger M. Burk, Jr., and Frederick M. Healy
SUMMARY

An investigation of a 1/19-scale model of an unswept-wing trainer
airplane was conducted in the Langley 20-foot free-spinning tunnel to
determine the rocket spin-recovery characteristics of the model for com-
parison with available full-scale-airplane results. A rocket was attached
to each wing tip to fire in a direction to apply an antispin yawing
moment sbout the Z body axls. The rockets were fired individuslly and in
combination.

The results of the tests indicated that the recoveries of the model
were In good agreement with those of the corresponding airplane, and for
the design end loading tested, wing-tip rockets quickly terminated the
spin. For the spins obtained, left- or right-wing-tip rockets appeared
to be equally effective for recoveries.

INTRODUCTION

Military airplaenes generally are required to_be spin demonstrated
before they are accepted. During the spin demonstration, the airplane
must be equipped with en emergency spin-recovery device in the event
that the normal recovery technique (that is, by use of controls) is not
successful. In the past, a spin-recovery parachute attached to the wing
tip or tall has been used as an emergency device. Based on empirical
results, a method for estimating the size of parachute required to effect
a satisfactory recovery has been presented in reference 1. This method
of estimating parachute size 1s based on the premise that the effective-
ness of a parachute for spin recovery depends on its ability to provide
8 yawing moment opposing the spin. A serious disadvantage of parachutes
is that the directlion the towline assumes during the spin and recovery
varies; therefore, only part of the parachute drag is available for pro-
ducing a yawing moment. Another disadvantage 1s that, for some modern
high-speed alrcraft, the parachute size required to insure a recovery by
parachute action alone has been excessively large so that heavy loads are
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imposed on the airplane structure. In addition, the parachute charec-
teristics usually must be demonstrated in normal flight prior to the

gpln tests and this testing of the parachute has in some instances been
more expensive, dangerous, and time consuming than the actual spin program,

It therefore appears that a device that will provide a definite and
direct yawing, pitching, or rolling moment, alone or in combination, to
effect a recovery is desirable. The use of a rocket appears to be a
desirable method of providing a definite known moment for emergency ter-
mination of the spin. The feasibility of such a device was Indicated by
previous spin-tunnel work (ref. 2) and it was felt that further evalua-
tion of rockets as an emergency spin-recovery device should be made.
Reference 3 presents results of an investigetion conducted by North
American Aviation, Inc., to evaluate the use of rockets on a full-scale
airplane as an emergency device for recovery from spins. The airplane
used for the tests was a current trainer design. A dynamic model of
this airplane was built for the present investigation and tested in the
Langley 20-foot free-spimning tunnel so that a direct comparison could
be made between spin-tunnel and full-scale resulits of rocket recoveriles.
A rocket was attached to each wing tip to fire in a direction to apply
an antispin yawing moment about the Z body exis.

SYMBOLS

An illustration of an airplane in a spin is shown in figure 1; the
positive directions of the forces and moments along and gbout the body

axes are also Iindlicated.

X longitudinal force acting along X body axis, positive
forward, 1b

Y lateral force acting along Y body axis, positive to right, 1b

Z normal force acting along Z body axis, positive downward, 1b

L rolling moment acting sbout X body axls, positive when it

tends to lower right wing, £t-1b

M pitching moment actlng gbout Y body axis, positive when it
tends to Increase angle of attack, ft-1b

N yawing moment acting about Z body axis, positive when it
tends to turn airplemne to right, £t-1b

D rolling angular velocity about X body axis, deg/sec




a pitching angular velocity about Y body axis, deg/sec

r yawing angular velocity about Z body axis, deg/sec

Q angular velocity sbout spin axis, radians/sec unless other-
wise indicated

S wing area, sq ft

b wing span, £t

alr density, slugs/cu £t
s rate of descent, ft/sec

VR resultant airspeed (resultant of the rate of descent of the
airplane and the tangential velocity QRg) as measured by

a swivel airspeed head mounted on a wing-tip boom, knots

Rg spin radius, full-scale distance from spin axis to center of
gravity, ft

c local chord, ft unless otherwilse indicated

c mean aerodynamic chord, £t unless otherwise indicated

x/c retio of distance of center of gravity rearward of leading
edge of mean aerodynamic chord to mean aerodynamic chord

z/E ratio of perpendicular distance between center of gravity
and thrust line to mean serodynamic chord (positive when
center of gravity is below thrust line)

W welght of airplane, 1b

g acceleration due to gravity, teken as 32.2 ft/sec®

m mess of alrplane, W/g, slugs

M airplane relative-density coefficient, m/pSb

Iy, Iy, Iy moments of inertia about X, Y, and Z body axes, respectively,
slug-£t2

Iy - T
XY inertia yawing-moment parasmeter
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inertia rolling-moment parameter

inertia pitching-moment paremeter
angle of attack (angle between projection of relstive wind
into plane of symmetry and X body axis), deg

angle of pitch (angle between X body axis and the horizontal)
as measured by an attitude gyroscope, deg

angle of pitch (angle between the X body axis and the hori-
zontal) as measured by a Reeves gyroscope, deg

angle of wing tilt (commonly called angle of bank; angle
between span axis and the horizontal), positive when right
wing is down, deg

angle of bank as measured by an attitude gyroscope, deg

angle of bank as measured by a Reeves gyroscope, deg
angle of sideslip, deg

campass direction, deg

altitude, ft

thrust of rocket, 1b unless otherwise indicated
time, sec

rudder deflection with respect to chord line of f£in, deg

elevator deflection with respect to chord line of stabilizer,
deg

ailleron deflection with respect to chord line of wing, deg

full-scale airplane

model
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APPARATUS

Full-Scale Airplane and Instrumentation

The airplane used in the investigation was an unswept-wing trainer.
The data recorded on an oscillograph mounted in the airplane were obtained
with the following instrumentation (see ref. 3):

(1) Pressure transducers to measure the airspeed and altitude were
mounted near the root of a wing-tip boom. The static holes were located
epproximately 79 inches ahead of the leading edge of the wing. The
swlvel alrspeed head was capgble of alinement into the airstream direc-
tion through an angle-of-attack range of -5° to 85° and through an angle-
of -yaw range of +450,

(2) Potentiometer-type instruments built by North American Aviation,
Inc., were used to indicate separately the rudder, elevator, and alleron
positions.

(5) Two Reeves gyroscopes to measure pilitch and bank angles were
mounted in the airplane. The axis of rotation of one gyroscope was per-
pendicular to the X airplane axis and the axis of rotation of the second
gyroscope was tilted forward 45° with respect to the X airplane axis.

The data recorded on a photo recorder which was mounted in the air-
plane were obtained with the following instrumentation (see ref. 3):

(1) A clock was used to measure time.

(2) An attitude gyroscope was used to measure the angles of pitch
and bank.

(3) Rate Instruments were used to measure separately the rolling,
pitching, and yawing angular velocities. However, for reasons unknown,
the pitching-angular-velocity data were not presented in reference 3.
The sense of the full-scale yawing angular velocity has been interpreted
in terms of NACA conventions and consequently negative values have been
interpreted as positive values.

(4) Angle-of-attack end angle-of-yaw vanes were installed on the
end of the left- and right-wing-tip booms. The angle-of-attack range was
from 120° to -60°, and the angle-of-yaw range was 190°. As plotted, the
full-scale angle-of-yaw data have been assumed to indicate sideslip
rather than yaw.

(5) A compags was mounted on the wing tip and could be read remotely.
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(6) Stall-warning lights were mounted on the photo-recorder panel.
Safe-flight indicators were installed on each wing and connected to the
warning lights which illuminated when either wing was in the stalled con-
dition; these indicators had previously been calibrated in level-flight

stalls.

(7) 1ights indicating full control-surface displacement were mounted
on the photo-recorder panel. A separate light for the allerons, elevator,
and rudder illuminated when each control surface was at its full
displacement.

Model

A l/l9—scale model of the airplene was constructed at the Langley
Laboratory. The model was made almost entirely of plastic. A three-
view drawing of the model with the rockets installed at the wing tips 1s
shown in figure 2. A photograph of the model is presented as figure 3.
The dimensionsl characteristics of the sirplane represented by the model
are shown in table I.

Model Rocket

The rockets used for the dynamic model tests were designed by the
Tangley Model Propulsion Section of the Pilotless Aircraft Research Divi-
sion. The rockets are precision built and made of steel. Photographs
of the rockets installed on the wing tips of the model are shown as
figures 3 and 4. A disgrammatic sketch of one of the rockets and the
electrical circuit is shown in figure 5.

The rocket consists of two chambers set at right angles to each
other. The small chamber contains the igniter which is set off when cur-
rent flows through a high-resistance wire embedded in it. The flame from
the igniter strikes the end of the main propellant or grain (solid cord-
ite) in the large chamber and causes it to burm; this burning provides
the actual thrust. The grain is partly encased in a nonburning substance
(inhibitor) so that the propellant will have a constant burning area. The
only exposed part of the propellant is the end where it is ignited. The
grain is machined very accurately so as to give the required thrust for
the required time as closely as possible.

The magnitude and duration of the rocket thrust for several rockets
are shown in figure 6. These curves were obtained by discharging the
rocket mounted on a strain-gage balance and recording the data on an
oscillograph. It should be noted that the impulses are very similar and

the magnitude and time of the rocket firings are falrly similar. The
rockets were designed to provide approximately 3 ounces of thrust for
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2.0 seconds. Although the rockets were not scaled down intentionally
in regard to size and weight, they nevertheless did simulate approxi-
mately the full-scale rockets in these respects.

METHODS

Wind Tunnel and Testing Technique

The model tests were performed in the Langley 20-foot free-spinning
‘tunnel, the operation of which 1s generally similar to that of the Langley
15-foot free-spinning tunnel which is described in reference 4, except
that the model launching technique has been changed. With the controls
set in the desired position, the model is now launched by hand with rota-
tion into the vertically rising airstream. After a number of turns in
the established spin, recovery i1s normally attempted by moving one or
more controls by means of g remote-control mechanism installed in the
model. After recovery the model dives into a safety net. For the cur-
rent investigation, the remote-control mechanism was generally used only
to activate the rocket or to reverse the rudder.

In order to determine the spln and recovery characteristics of the
model corresponding to a loading condition of the airplane for which
rockets were installed, tests were performed for the normel spinning
control configuration (elevator full up, allerons neutral, and rudder
full with the spin) and for various other aileron-elevator combinstions
including neutral and meximm settings of the surfaces. Recovery was
generally attempted by repid reversal of the rudder from full with to
full agalnst the spin. A few tests were also performed to evaluate the
posslible adverse effects on recovery of small deviations from the normal
control configuration for spinning. For these tests, the elevator was
set at elther full up or two-thirds of 1ts full-up deflection and the
allerons were set at one-third of full deflection in the direction con-
ducive to slower recoveries, ailerons with the spin for the loading
tested on this model. (Ailerons deflected with the spin means that a
stick-right condition in a right spin was simulated.) Recovery from
this spin was attempted by rapldly reversing the rudder from full with
to only two-thirds against the spin or by slmulbtaneous rudder reversal
to two-thirds against the spin and movement of the elevator to one-half
of full down deflection. These control configuratlons and manipulations
are referred to as the "eriterion spin.”

Turns for recovery are measured from the time the controls are moved,
or the rocket is fired, to the time the spin rotation ceases. For recov-
ery attempts in which the model struck the safety net while it was still
in a spin, the turns for recovery were recorded as greater than the number
of turns from the time the controls were moved to the time the model struck
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the net, for example >3. A >3-turn recovery, however, does not neces-
sarily indicate an improvement over a >7~-turn recovery. When the model
recovered without control movement (rudder with the spin), the results
were recorded as "no spin." Recovery characteristics were considered

satisfactory if recovery from the spin occurred in 2% turns or less.

This criterion was used on the basis of a correlgtion of available full-
scale-galirplane spin-recovery data and corresponding model test results.

For the model rocket spin-recovery tests, the controls were main-
tained with the spin (i.e., rudder with the spin, elevator up, and
ailerons with the spin) and the rocket was fired so as to apply an anti-
spin yawing moment. The recovery was thus due entirely to the action
of the rocket. ZXach test generally was made at least three times as &
check on the results.

Motion pictures normally are tasken only from the side of the tunnel
on a level with the spimming model to record its motion. However, for
the present investigation, in order to locate the spin axis relative to
the model, motion pictures also were taken with a camera placed in the
center of the bottam of the tunnel, Just below the safety net.

Conversion of Data

The results of the model tests have been converted to corresponding
full-scale values by methods described in reference 4.

The average rate of descent of the actual full-scale alrplane during
the developed spin was determined by taking the average slope of a plot
of altitude against time. The turns for recovery of the ailrplene were
determined from a photographic time history of the compass direction.

The instantaneous angular velocity about the spin axis of the airplane as
presented 1n reference 3 was calculated by the following formula:

Q= Jpe + q? + r2

although q was assumed to be zero.
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TEST CONDITIONS

Full-Scale Alrplane

All full-scale spin tests were performed with the rockets fully
loaded. Spin recoverles of the alrplane generally were initiated at
altitudes ranging from 14,000 to 18,000 feet. The mass characteristics
and inertis parameters of the alrplane and model are listed in table II.
The inertia parameters for the loadings tested on the ailrplane and for
the loading tested on the model are shown in figure 7. The control
settings and the locations of the rockets for the various full-scale
tests are presented in table ITI. The conbrol deflections varied
slightly for different spins probably because the pilot had difficulty
in maintaining the exact setting each time.

Rockets were mounted on both the left and right wing tips of the
alrplane to determine the relative effectiveness of applying a yawing
moment about the Z body axls as compared to the spin axis. Imasmuch as
the spin axis may be to the right or left of the plane of symmetry, the
moment arms of the right- and left-wing-tip rockets in such a case will
be unequel; thus the yawing moment spplied by one rocket will be greater
than that applied by the other. However, inasmuch as the Z body axis lies
in the plane of symmetry, the yawing moments sbout this axis will be equal.

On each wing tip, two positions of the rockets were tested during
the full-scale spin tests. For one position, the rockets were installed
et the wing tips where a small amount of pltching moment was applied to
the airplane when one rocket was fired because the thrust of the rocket
was 11 inches above the alrplane center of gravity. In order to elimi-
nate this pitching moment and thus to determine the effect of pure yawing
mcoment epplied about the airplane center of gravity, an alternste rocket
mount 11 inches below the wing tip was also tested.

For the full-scale spin tests, commerciael Jjato bottles were used
which were rated at 800 pounds of thrust for a duration of about 8 seconds.

Model

It was originally decided to ballast the model to obtain dynamic
similarity to the sirplane at an altitude of 15,000 feet
(p = 0.001496 slug/cu £t). On this assumption the model rockets were
built to provide 3 ounces of thrust which for 1/19 scale would be equiva-
lent to full-scale thrust of 800 pounds. Because of weight considera-
tions, however, the model had to be ballasted at a simulated altitude of
20,000 feet. Although the actual thrust of the model rocket remained the
same, the corresponding full-scale value at the higher altitude was
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accordingly reduced from 800 pounds to approximately 700 pounds of

thrust (altitude of 20,000 feet; p = 0.001267 slug/cu £t). As previously
mentioned, the mass characteristics and inertia parameters of the model are
presented in table IT. The control settings used during the model spin
tests are presented In table IV.

The two rocket locations tested on the alrplane were tested briefly
on the model to determine whether any aerodynamic effects were present.
With the rockets installed at the wing tips (fig. 2), the steady-spin
and recovery characteristics of the model by rudder reversal were noted.
Then flat lead weights (same weight as rockets) were substituted for the
rockets at the wing tips and the steady-spin and recovery characteristics
again noted. Next the model was properly ballasted with lead weights
substituted for the rockets, and dummy balsa rockets (weight negligible)
were placed below the wing tips (fig. 8) and the steady-spin and recovery
characteristics noted.

PRECISION

The 1limits of accuracy of the full-scale data are not known. These
1limits would depend on the accuracy of the flight instruments.

Model

The spin-tunnel results presented herein are believed to be the true

values for the model within the following limits:
s 1= -
R T P o &
Vy, PETCEIE ¢ & o v o o o o o o o o o o o o o o o o« s o o o o s o+«
D, PETCENE v v ¢ o« o o o o o o o o o o o o o o o o s o s o 0 0 o . t2
Turns for recovery:

When obteined from motion-picture records . . . . . . . . . . . T1/k

When obtained by visual estimate . . . . . . . . . . . . . . . . FL/2

Comparison between model and full-scale results in reference 5 indi-
cated that model tests satisfactorily predicted full-scale recovery char-
acteristics approximately 90 percent of the time and that, for the
remaining 10 percent of the time, the model results were of value in pre-
dicting some of the details of the full-scale spins. The airplanes gen~
erally spun at an angle of attack closer to 45° than did the corresponding
models. The comparlison presented in reference 5 also Indicated that gen-
erally the alrplene spun with the immer wing tilted more downward and with
a greater altitude loss per revolution than did the corresponding model,
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although the higher rate of descent was found to be generally associated
with the smaller angle of attack regardless of whether it was for the

model or the airplane.

Because it is impracticable to ballast the model exactly and because
of inasdvertent damage to the model during tests, the measured weight and
mass distributlon of the model varied from the true scaled-down values

within the following limits:

Welght, percent . . . . . . . . . . e .
Center-of -gravity location, percent
Moments of inertia:

Iy, percent . . . . . . . ... .

Ol

Ty, percent .. . . . . .. oo o0
IZ, percent . . . . . 0 0 s e s e e e W

e« « « » o« « 1 high to 2 high
e « o 1 forward to O rearward

e « o s o o « 5 low to T high
e ¢+ o o s o « 5 1low to 9 high
e+ o+ o « « « 3high to 10 high

The accuracy of measuring the weight andvmass distribution of the
model is believed to be within the following limits:

Welght, percent . . . ... . . . . . . .
Center-of-gravity location, percent c ..
Moments of inertlias, percent . . . . . . .

D 1)

i

Controls were set with an accuracy of *1°.

Model Rocket

The following values of the model-rocket thrust and impulse are
considered to be representative of the velues that were obtained during

the rocket-firing tests:

Impulse, oz-seéc

Thrust, oz
3.00 (desired value)
3.3h
2.92
2.90

40 (desired value)

o
|

)

6
6.29
6.

N
W

RESULTS AND DISCUSSION

The results of the full-scale and model tests are presented in
table V, figures 9 to 14, and charts 1 and 2. The results, in general,
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are presented In terms of right spins, the direction in which the air-
plane was spun. However, a few tests were performed with the model
splnning to the left for comparison of left and right spins. Model
results for left and right spins and recoveries by rudder.reversal gen-
erelly were similar (chart 1). The model data are presented in terms
of full-scale values for the corresponding eirplane at a test altitude
of 20,000 feet. Spin tests, previously mentioned, performed on the
model to determine if there were any serodynamic effects due to the dif-
ferent locations of the rockets indicated no appreciable differences in
the steady-spin characteristics or recoveries (chart 2). Consequently,
because of greater ease of instsllation, all model rocket-firing tests
were performed with the rockets located at the wing tips.

Full-Scale Spin Recoveries by Rockets

The results of the full-scale rocket spin-recovery tests are pre-
sented in figures 9 to 14. In general, the motion of the airplane in
the steady spin and recovery was falrly similer for all the spin tests.
Although In a few cases the data were erratic, in general the alrplane
appeared to osclllate in roll, pitch, and yaw during the spln and
recovery. Flgures 9 to 12 present the results of tests for which rockets
were fired individually on the left or right wing tip or on a lowered
mount. For comparison purposes the time histories of the angular veloci-
ties of the airplane gbout the spin axls for all alrplane flights have
been plotted in figure 1k.

Analysis of the results indicates, in general, that approximstely
b seconds after the rocket was fired, the rate of rotation of the air-
Plane had decreased appreciably (fig. 14); the angle of attack of the
outer wing tip decreased until it was well below the stall (o = 20°);
and the angle of attack of the inmer wing tip, although still above the
stall, had decreased appreciasbly. At this stage, analysis indicates that
the airplane spin was terminated but because the controls were held in a
pro-spin condition (rudder full with the spin, elevator full up, and
ailerons full with the spin) the spin rotation began to build up rapidly
to the right agein and the airplane appeared to reenter a spin (figs. 9,
10, and 11). If the controls had been neutralized 4 seconds after the
rocket was fired, the airplane probably would not have gone back into
the spin. However, because the controls were held in a pro-spin condi-
tion and because they became very effective at the low angle of attack
reached because of the rocket firing, the rudder tended to yaw the alrplane”
back into the spln, the elevator tended to pitch the airplane back gbove .
the stall, and the ailerons forced the airplene to continue to rotate due
to aileron roll. Thus the rate of rotation increased agaln and the angle
of attack increased until it was agaln beyond the stall. The airplane
continued to oscillate about all three axes until the end of the rocket-
burning period (approximately 8 seconds) when agein the same condition
prevailed as that at the end of 4 seconds. The alrplane again appeared
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to be out of the spin, and if the controls were neutralized at this time,
the alrplane undoubtedly would not go back into the spin. However, the
results in figures 9, 10, and 11 indicate that the controls were not
neutralized quickly so that the rate of rotation again increased and the
angle of attack again increased to beyond the stall. A few seconds later
the controls were reversed and the airplane recovered from the spin.

For another test f£light, the results of which are presented in fig-
ure 12, 4 seconds after the rocket was fired the airplane rotation was
practically terminated by the rocket action alone even though the con-
trols were held in a pro-spin direction. Although the airplane began to
pitch up at the end of these 4 seconds, the spin rotation did not begin
to bulld up again to the right until the rocket had Just ebout burned
out (8 seconds). The pilot moved the controls from their pro-spin set-
tings immediately after the rocket burned out for this test and the air-
plane did not reenter a spin. )

The results of firing left and right rockets simultaneously on low-
ered mounts are presented in figure 13. Approximately 3 seconds after the
rockets were fired, the spin of the airplane was momentarily terminated.
However, as a result of the excess rocket thrust the airplane went into
a left spin from which recovery was effected by control movement.

In general, it appears that approximately 4 seconds after the right-
hand rocket on the lowered mount was fired for two similar spin tests

(£igs. 9 and 10) the airplane was out of the spin in l%.and 1 turn,

respectively. When the left-hand rocket on either the lowered mount
(fig. 11) or on the wing tip (fig. 12) was fired, it appears that the
airplane was out of the spin at the end of 1 turn for both tests. When
both left- and right-hand rockets were fired simultaneously, recovery
was accomplished in about 3/4 turn. From these observations it would
appear that spin recoverles were effected equally well by firing either
the left- or right-hand rocket. Also, mounting the rocket directly at
the wing tip or on a mount beneath the tip apparently had no appreciable
effect on the recoveries.

Model Spin Recoveries by Rudder Reversal
Prior to determining the recovery characteristics of the model as
effected by rockets, the recovery characteristics by use of the controls
were determined. For these tests, the rockets were installed on the
model but recoveries were attempted by rudder and elevator reversal.

For the normal control configuration (elevator full up, ailerons
neutral, and rudder full with the spin) the model spun at an angle of
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attack of approximately 40° and recovered satisfactorily in l% turns or

less upon full rapid rudder reversal (chart 1). However, recoveries
from the criterion spin (elevator two-thirds up and ailerons one-third
with the gpin) were unsatisfactory when the rudder was reversed from
full with the spin to only two-thirds against the spin. When rudder
reversdl to two-thirds against the spin was accompanied by moving the
elevator from two-thirds up to one-half below neutral, the model

recovered satisfactorily in 25 turns or less. When the elevator was neu-

tral or down and the ailerons were against {$he spin, the model would not
spin. Setting the aillerons from with to against the spin generally
improved the recoveries. These results appear to be in general sgree-
ment with those of reference 6. When the ailerons were set with the spin,
the model generally would rotate about its X body axis in the recovery
dive because of aileron roll.

Before the rockets were fired, the developed spin characteristics
of the model were obtained with the controls set in the same position as
on the airplane when ready for rocket-firing tests (rudder with the spin
elevator up, and ailerons with the spin). These control settings,
previously mentioned, varied slightly from spin to spin because the pilot
had difficulty in maintaining the exact settings. Therefore, the model
control settings were varied in a like manner. The spin characteristics
for these configurations of the model were noted and the results are com-
pared with those for the airplane in taeble V. In spite of the slight dif-
ference in altitude between the model and the airplane and in spite of
some scale effects between the model and the airplane, the values of the
angle of attack and rate of rotation generally were in good agreement.
The inner wing was down considerably less for the model than for the air-
plane; this difference may be attributed primarily to scale effect as
indicated in reference 5. The higher rate of descent indicated from
model tests may be primarily attributable to the higher wing loeding
assoclated with the model tests at the slightly higher altitude and the
smaller angle of attack of the model.

Model Spin Recoveries by Rockets

With the rudder full with the spin, elevator full up, and ailerons
full with the spin, model recovery tests were made to determine the
effectiveness of the rockets. Turns for recovery are compared with those
of the airplane in table V. When the left-wing-tip rocket was fired,
thrust rearward (antispin yawing moment), recoveries generally were accom-
plished in to li turns. It would appear that the differences in types
of recovery mey be attributed to the phase of the oscillation in roll,
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pitch, or yaw during which the rocket was fired or to same varistion in
rocket thrust, or both. When the right-wing-tip rocket was fired, thrust
forward, recoveries generally were similar to those obtained by firing

the left-wing-tip rocket (% to 1 turn). As in the case of recoveries by

rudder reversal, the model generally continued to turn somewhat due to
alleron roll. Recoveries generally were accomplished in about l/lb_ turn
when both right- and left-wing-tip rockets on the model were fired simul-
taneously. For these tests, the model sometimes continued to turn to
the right during the recovery due to alileron roll; whereas at other times
the model stopped spinning to the right and started spinning to the left.

As previously mentioned, for a single test on the alrplane when both
rockets were fired simultaneously, the alrplane went from a right to a
left spin. It 1s possible that, if several repeat tests had been made
with the alrplene, different types of recoveries similar to the model
recoveries might have occurred.

A £ilm strip showing the model recovering from a right spin and
going into a left spin by firing both rockets simultaneously is presented
in figure 15. It should be noted that the initial flash in the picture
1s the igniter firing which starts the rocket propellant burning.
Although the rocket propellant then burns continuously throughout the
rest of the film, it cannot be seen in the figure because the flame is
very smell.

From the analysis of the model results, it appears that for the spins
obtained, spin recovery could be effected equally well by firing elther
the left- or right-wing-tip rocket. As previously mentioned, full-scale
tests were made with right- and left-wing-tip rockets Installed on the
alrplane in an attempt to ascertaln the relative effectiveness of the
applicaetion of a yawing moment about the Z body axls as compared to that
about the spin axis. The full-scale results indicated approximastely
equal effectiveness of left- or right-wing-tip rockets although it was
not readily aepparent how to locate the airplene spin exis from the full-
scale data. From film dats obtalned for the model with the cemera at
the bobtom of the tunnel, it was indicated that the spin axis passed
through the nose of the model end therefore each wing tip was equally
distant from the spin axis. Thus these tests cannot be taken as an indi-
cation of the relative lmportance of application of a moment about the
Z body axis or the spin axis.

In general, good asgreement was obtalned between the turns for
recovery of the model and those of the full-scale airplame (table V).
As previously mentioned, the airplane generally was out of the spin at
the end of 4 seconds after the rocket was fired end then went back into
the spln again because the controls were not neutralized. Similarly,
the model recovered in the tunnel in approximately b seconds (full-scale)




16 NACA TN 3068

after the rocket was fired; it then struck the safety net in a rolling

dive with the rocket still burning. It is possible that, if sufficient
height and airspeed were available in the tunnel, the model might have

gone back into & spin in a manner similar to that of the airplane.

Mass Changes Assoclated With Installstion of Emergency Device

In determining the spin and recovery charascteristics of an airplane
during a spin demonstration by use of controls alone, care should be
taken that the emergency spin-recovery devicé, primarily because of its
welght, does not change the inertis paremeters of the airplane in such
a manner as to mask its true spin and recovery characteristics. Prob-
ably the most important single inertis parameter is the inertia yawing-
moment parsmeter (ref. 6). When the rockets are attached to the wing
tips of the airplane, it 1s very possible, depending on the weight of
the rockets and the original mass loading of the alrplane, to change the
inertia yawing-moment parsmeter from a negative value (mass distributed
chiefly along fuselage) to a positive value (mass distributed chiefly
along wings). Thus, although the airplane normally might recover by
rudder reversal alone for negative loadings, it is possible it would
not recover when the loading is positive unless the eleveator is moved
down (ref. 6). For the airplane used in the present investigation the
addition of the rockets to the wing tips changed the inertia yawing-

moment parameter from a value of -67 X 10~} to 10 x 10-%,

The model spin results, as previously mentioned, indicated that for
some control configurations the model would recover satisfactorily by
rudder reversal alone even though the loading was positive. This recovery
is possible because the alrplane has a very high tail damping power factor.
Reference 7 indicates that an alrplane may have a positive loading and
st1ll recover by rudder reversel alone if the tail damping power factor
is large enough. It is very possible, however, that if the taill damping
power factor of this airplene had been lower 1t would not have recovered
by rudder reversal alone. Therefore, for some airplanes where the addi-
tion of rockets to the wing tips may change the inertis yawing-moment
parameter from a negative value to a positive velue, the airplane may
have to be ballasted to keep the original loading condition so that the
true spin and recovery characterlstics of the alrplane can be determined.

CONCIUSIONS

Results of a spin-tunnel investigation of & dynamic model using
wing-tip rockets as a spin-recovery device and a comparison of the
results with corresponding full-scale results lead to the following

conclusions:
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1. The recoveries of the model were in good agreement with those

of the corresponding airplane; for the design and loading tested, wing-
tip rockets quickly terminated the spin.

2. left- or right-wing-tip rockets appeared to be equally effective
for recoveries for the spins obtained.

3. In determining the spin and recovery characterigtics of an air-
plene by use of controls alone, cognizance should be teken of the fact
that the emergency spin-recovery device, primarily because of its weight,
may change the mass characteristics of the airplane in such a manner as
to mask the true spin and recovery characteristics.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,
Largley Field, Va., October 20, 1953.
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TABLE I.- DIMENSIONAL, CHARACTERISTICS OF THE ATRPLANE REPRESENTED

Length, £t . . . .
Wing:
Span, £t . . . .
Area, 8q £t . .
Root chord, in.
Tip chord, in.
¢, in. e e e e
Leading edge of T
root chord, in.
Aspect ratio . .
Tgper ratio . .
Dihedral, deg .
Incidence, deg
Root . . . ..
Tp . . . . .
Airfoil sectlon

Allerons:

BY THE 1/19-SCALE SPIN MODEL

rearward

e & o o »
L] e o e o

Ares, total, sq £t . . . .

Span, percent b/2

Chord, percent c
Horizontal tail:
Spen, £t . . .
Ares, sq £t . .
Root chord, in.
Tip chord, in.
Aspect ratio . .

Elevator area, totel, sq ft

. . e e s .

of leading edge of

Elevator hinge line rearward of wing c/k, ft .

Dihedral, deg .
Incidence, deg .
Arfoll section

Verticel tail:
Fin area, sq £t

Rudder area, sq £t . . . .
Dorsal-fin aresa, sq £t .
Chord at fuselsge intersection, in. o« e e e .

Tip chord, in.
Rudder span, ft
Aspect ratio . .

o o . o . « o o . .
» . o o . . . ¢« s o

Rudder hinge line rearward of wing c/u £t ..

Fin offset, deg
Alrfoil section

Tall demping power factor .

3247

k0.6
27L.1
98.4

61.37
81L.44

1.14

6.08
0.625
8

2

c. -1
NACA 6L40A215

NACA 6hqA012

NACA

25.8"
36. 74
30

16.4
59.7
56.4
21.62
.51
16.5
18.73
0

1

18.2
12.1
k.32
67.13
35.75
8.61
1.38
20.7%
1 left

647 AOL2

682 x 10-6



TABLE II.- MAS3 CHARACTERISTICS AND INERTIA PARAMETERS FOR LOADINGS USED ON ATRPLANE

ARD FOR IOADING TESTED ON THE l/l9—SCALE MODEL

f}kﬂsl values are glven as corresponding full-scale values; moments of inertia
are glven about center of gravi‘b:,f:l

Center-of-gravity| Relative |Mcments of inertis
location density, slug-ft2 ’ Mags paremeters
- weji%ht’ Sea [20,000 Iy - Iy Iy - Ip | Iz - Iy
a
z/e 2/ |iever| geet | X | T | Iz - - 7
Airplane values
g (wjx:gchkatg) 7,224 | 0.233 -0.110 |8.57 [16.08 [9,207|8,833(17,149 | 10 x 10-4 =225 X 10-4 215 x 10~k
£ (wigckets) 6,998 252 -.114 18.30 [15.59 |6,%39|8,825(1%,387 [-67 ~155 200
Model values
- £+
1 mromaketa) 7,349 | o0.232 0.038 |8.72 [16.36 |9,482|9,157|18,4uk | 9 ol 278

990¢ MI VOVN
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TABLE IIT.- CONTROI SETTINGS, LOCATIONS OF ROCKETS, AND

DIRECTIONS OF ROCKET THRUST FOR ATRPLANE TESTS

Aileron

Rudder Elevator | deflection,Recovery attempted
deflection,| deflection, deg by use of rockets Position of rockets
deg deg alone
. Right | Left
28 25 up 15.8| 8.8|Right rocket fired)
right up | down| thrust forward
Lowered
mount
28 20 up 16 | 9 |Right rocket fired, >
right u | down| thrust forward i I |
]
26.5 25 wp 15.6| 8.8|Left rocket fired,
right up | down| thrust rearward
26 25 wp 16 9 |Left rocket fired,
right up | down| thrust reerward
Both right and left
31 20.5 wp | 16-2| 9 rockets fired )
right up | down|  gimin teneously y z
7
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TABLE IV.- RANGES OF CONTROL DEFLECTIONS USED FOR MODEL TESTS

Range of rudder |Range of elevator|Range of alleron
Method of deflection, deg| deflection, deg | deflection, deg
recovery
Right Ieft Up Down Up Down
Rudder )
reversal 25 25 26 10 16 9
Left- or right- :
wing-tip 26 (a) 26 (a) 16 9
rocket fired
Left- and
right-wing-
tip rockets 31 (a) 20 (a) 16 9
fired simul-
taneously

8Controls were held fixed when rockets were used for recovery.
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TABLE V.- COMPARTSON BETWEEN MODEL AND ATRPLANE SPIN

AND RECOVERY CHARACTERTSTICS

[anding 1 in table II and figure T; recovery attempted by firing
rockets as indicated; right erect spins; control setting for
spin is elevator full up, allerons full with spin, rudder full
with spin; control-setting values as indicated in table I@]

Location of '
rockets fired Test |a, ¢’ v, 9,
for recovery |vehicle |deg|dS8 ft/sec|radians/sec|Turns for recovery

tempt
ot ()| (b) (b)
Cc (64 (]

Right wing tip | Model |48 | 3D} 198 0.383 %} 15? i_, ¢y
Below right 1

ing tip Airplane|58 [14D| 127 .383 12
Below right

wing tip Airplane|57 | 28D| 143 .389 1

(repeat test)

‘ Cc Cc [
Ieft wing tip | Model |48 | 3D| 198 .383 L E, li?‘
2
Left wing tip |Airplane|55 |¥8D| 160 .386 1
Bel"wl lﬁ;’ Arplane|55 | 16D| 143 .389 1
a a 4da c c

Both wing tips | Model [46 | 5D| 198 2 %, _i;, %, .?? 1%
Below both 3

ing tips Airplane|56 |{22D| 152 .384 m

8D inner wing down.

PModel values converted to corresponding full-scale values.
CModel entered into glide and then rolled.
dRocket thrust turned model in opposite direction following recovery.




QEART 1.~ BPIN AND HEOCYERY OEARACTERISTICE OF TEE KODRL WITH THE SPIN-RECOVERY ROGEETS IMOTALLED

[Ianldin.g 1 in table IL and figure 7} direotion of apln ars lndioated; rocovery attemptoed by rapid full rudder reveraal

oxneps as Indicated (resovery anttempted from, and steady-spin daba presented for, rudder-full-with spins); ereot spins

Right epins  443apans i with
f 4o hrl 4o L8l Lo
>290 210|0.37 158 0,56 192(0.37
[ ¥ ] o A [-]
x 1, il 1 .1 -1 .=
I ' "E lz, li 1-2-, 1&
)
g!&g k7| 3D
-
éaé 198 o.whnf—z%
<A baéﬁﬁéﬁﬁé 3&
0 E 1] 5 R
%5 1P .lﬁ.lﬁoq} 22 o
192|047 %gg 0.0
popylorons Atlerons
¥0 SPIN ‘*Etiok left) | 24 2, 2& (éiiiufiféhb) 2&. 2%
L —
a
3533
3guﬁ
aRarY a
2
B| © 3| »
o s
o o €
HO BPIN 2t al 23 hd o ok o3
IS T [P =24,

AY¥isual estimatoe.

tHeaovery attempted by rudder raversal from full with to

Slodel entered an allsron roll.
dOno:Lllltory spin, rangs of values glven.
®Regovery attempted by simnltanscus ruddsr reversal from full with o % ageicst ths spin

ard olevator movement from % up to % down.

% against the apin.

Laft spins
[ d
v U
i 5 &1
20l f0.35 195 .36
4
1, 1 4% i, 12
, 40 | d
o
598 e | b
K]
ed3 198 .o [Eagrater .
g% 3P
=~ Ll b
P 2
11;,
>258
_ ddlerons Allerona
ok rigat] f, # [ (Stick left)
28
N EL:
=@
mﬂi-‘h
Hodel vnlt}en a ¢
gonvertad to d
corresponding [deg] | (deg}
full-scals valuas. Y fl
U lnner wing up (fpo) | Irps)
D inner wing down
‘Turna for
reacvery

C ML VOVN

290t



OEART 2,- 8PIN ARD RECOVERY CHARACTERISTIOS OF THE MODEL IN THE CLEAN COHDITION AND WITH SIMULATED ROGEET3
HOONTED

1 in table 0T ant rifm-a
rudder revsrsnl except as indl
rightt ersot spind]

EELOW THE WING TTPS

7 (wing tips ballasted to retain mass dlstribution); reumg attempted bY 14
oated (rloovory attomptod from, and steady-spin date present

for, rudder-

full
~-with spins);

Cledn candition

by hr| ] B
201]0.356 | 198|0.37 155(0.3
1 I a [ 8
S 2;»2,;‘.[1I 1&, 1%
i3 L&,iﬁma_
Lo Ll 1
Ea‘ﬁi x with
3&R
pM b
o o= k| 2
Allerons Allsrons
JLul) seaingy | 19215, full with 293)0.
(3tiok left) 225 0.6 Btiox right)”] 2+ bs
c o
Lo 2 2
6l ~
£ Bly
e
2
”iuw b
)
28|10
192
. 322(0.46

HO BPIN

“Hecovery attamptad by rudder reversal from full wiph to % againat th
banimtory spin, rangs of valuss given.

®Nsdsl entered an aileron roll.

b splin.

8imilatad spin-recovery rockots mountad balow wing tips

HO 3PIN

]
4s( = k6| Lo
204 o.57 | 201|0.37 158 | 0.3
a ® )
1 1
W, 2 2&, z& »2, >2§t
Ailerons
'-'5-"11!!1.
b
;‘g 1D} w| 2p
186 Y
258 | 0-U6 E{g’ a.
0 1 0
5 £ 2, >3
b
4]
27 <
195 [0.47
) )
3, &
a .
(dag) | (deg)
Kodel values
convertaed to N o]
gorresponding {fpa) | lrpa)
full-socale values.
3} .Lq.nlr wing up Turng for
D inner wing down recovary

g90¢ NI VOVH

as
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yind girection

L-65735.,1
Figure 1.- Tllustration of an airplane in a spin. Arrows indicate positive
directions of forces and moments along and about the body axes of the |
airplane.

°
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Figure 2.- Three-view drawing of the airplane represented by the 1/19-scale
spin model. Wing incidence varied from 2° at root to -1° at tip.
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Figure 5.- Sketch of model rocket showing the various parte including
the electrical clrcuit.
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O Airplane values
[0 Model values
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Figure T.- Inertia parameters for loadings of the airplane and for the
loading tested on the l/l9—sc:a.le model. (Numbers refer to loadings

listed in teble ITI.)
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Figure 8.- Sketch of model showing dummy balsa rocket on lowered mount.
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Figure 9.~ Time history of airplane in a right spin. Recovery attempted
by firing rocket mounted under right wing tip, thrust forward. Plots
reproduced from reference 3.
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Figure 9.- Continued.
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tip. Plots reproduced from reference 3.
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Figure 13.- Continued.
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Figure 13.- Continued.
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O Right rocket on lowered mount fired, thrust forward

O Left rocket on lowered mount fired, thrust rearward

A Left rocket on wing tip fired, thrust rearward

< Rockets on wing tip not fired

< Right rocket on lowered mount fired, thrust forward
(repeat of first test)

8 Both right and left rockets on lowered mounts fired

simultaneously

Right

BiIRSotiix
0
B
i
i T RRT e R g A ;
| R R A B RS =i MERE [ e
T EHG i T T £ - R n
Bi Er ug RO R T > FhEREE
e
P Y 4 R rot 3 hl
E : T
ot
i R
i)
f
il
"
g FL

Angular velocity about spin axis, 0, deg/sec

i el A s e T _'t~: ST R
) o T 1] e e e || R
e T R i o o | B e B R
S e ST T N orETRAE
R Cl e e AR Sl T e o R e e B
= Bl el e R
v— %—! : RG
80 LG 5 sl
AJEE Spin direction reversed dus HELHE
s 3 to excess rocket thrust L UEREEEIRIGEH
=y b AL e T : =af
H ] B L3 HeRh = : =
i g 5 : G i

1

Tt

prETirasy

|

Ty
_FT 1

HERE
1

{HBinl

I

':1 3222111
il il Rk
n.!

]

"H‘

t
N

i

3

Time, t, sec

Figure 14.- Time histories of the angular velocities of the airplane sbout
the spin axls for all sasirplane flights. The rocket firing intervals
for each flight have been superimposed on each other.. Plots reproduced
from reference 3.
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Figure 15.- Sequence photographs of a model recovery from a right spin
by use of both right- and left-wing-tip rockets fired simultaneously.
Film speed, .64 frames per second.
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Figure 15.- Concluded.
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